Gases are the key measurand in several activities taking place at industrial or domestic level. Over a couple of decades the demand for gas monitoring and detection has emerged particularly due to the increasing awareness towards protection of the environment and concerns regarding to health and hygiene. Gas sensors have applications in detection of single gases (NO x , NH 3 , CO, LPG, H 2 , SO 2 etc.) and in the monitoring of changes in the ambience. The recognition of polluting gases or odours generated out of household activities has become increasingly important to maintain the indoor air quality at home as well as at workplaces. The modern gas sensing devices are being designed to investigate complex environmental mixtures usually by using multisensor systems (electronic noses). Amongst various materials available for gas sensing, metal oxide semiconductors (MOS) are most preferred in electronic noses due to their properties such as easy fabrication, high sensitivity resulting from the larger surface area due to nanostructures. MOS based sensors have the potential to be fast, inexpensive and durable among the chemiresistive sensors and are the most investigated group of gas sensors.
part a and part b discovers the brief introduction of supercapacitors, discovery of electrolytic capacitors. Also, In part A the fundamentals of gas sensing mechanism based on couple of models and the factors influencing the mechanism are discussed in detail. As NO 2 is one of the major pollutants, studies have been focused on detection of lowest possible concentration of NO 2 . Based on a vast literature survey, being a multifunctional and potential MOS, WO 3 was chosen as a NO 2 sensing material. The various models of supercapacitors, different types of supercapacitors, mechanism of electric double layer supercapacitoras well as relation between energy density power density specific capacitance cyclic stability was discussed. Once the material and applications were identified, the choice of method of deposition of material becomes narrower. The Hydrothermal technique was selected being most suitable in view of its effectiveness and simplicity, environment friendly and applicability to synthesize MOS as a gas sensor and for energy storage device applications.
Chapter II includes various nanomaterials deposition methods and
hydrothermal technique is discussed in details. This includes requisites of hydrothermal method and factors governing it. Also, the working principles along with the schematics/ block diagrams of the different characterization techniques used for characterization of the thin films are discussed. The characterization techniques include TG-TDA to study the temperature dependence of material, XRD for structural studies, SEM and TEM for morphological studies, XPS for chemical composition and valence states analysis, EDX studies for uniform distribution of the catalyst of the sensor surface along with its quantification, optical studies to estimate the band gap and to identify defect levels, preparation of thick films for sensing, formation electrode fabrication process the cyclic voltammetery, Galvanic charge discharge electrochemical impedance spectroscopy and cyclic stability measurements to quantify the supercapacitor properties are briefly mentioned. Schematic details of gas sensing measurement unit along with the actual setup used are also touched upon in this chapter.
After having enough theoretical background, the work chapters III to VII are appended. The specific objectives of this thesis was to develop efficient NO 2 gas sensor based on WO 3 thick films prepared by simple and cost effective hydrothermal technique. In order to obtain good quality films in the view of sensitivity and selectivity, the preparative parameters viz. deposition temperature, solution concentration and reaction time were optimized. Gas response of the such thick films was measured to identify the best film and attempts were made to improve the gas response by fabricating thick films on alumina substrate. A systematic study carried out for undoped and doped 1,3, 5,10 atomic % of Ti As the obtained results were encouraging, further improvement in the results was made by the doping the nanopowder with titanium (Ti). As expected better gas response was noticed after Ti doping and it also reduced the lower detection limit to 10 ppm NO 2 concentration for which considerably high gas response was observed. Also we have studied the effect of 1 and 3 atomic % Ti and Pd doping effect on supercapacitive performance of WO 3. As expected better gas response was noticed after 10 at. % Ti doping and it also reduced the lower detection limit to 10 ppm NO 2 concentration for which considerably high gas response was observed as well as 3 at. % Ti and Pd shows better supercapacitance performance compared to pristine WO 3 To optimize the deposition temperature and to select the precursor, the effect of deposition temperature on various physical, chemical and gas sensing properties of WO 3 thin films deposited using two precursors Sodium tungstate and Ammonium tungstate (AT) are studied and presented in chapter III. values of the sodium tungstate and AT based films were observed indicating that sodium tungstate based thick films were more resistive than those based on AT. The gas sensing studies showed that sodium tungstate based thick films were more responsive as compared to the AT based films. Therefore, being more suitable, sodium tungstate was chosen as a precursor instead of AT to obtain crystalline and substoichiometric n-type WO 3 thin films for the gas sensor application. Thus, the subsequent work on optimization of deposition parameters was carried out for sodium tungstate thick films at 400°C. The overall performance of WO 3 gas sensor is described asi)The nanocrystalline WO 3 gas sensorprepared by using two different types of precursors namely as, i) Ammonium metatungstate ii) Sodium tungstate
The gas sensor response of both the materials shows good response towards NO 2 .But compared to Ammonium tungstate the nanocrystalline WO 3 prepared by using sodium tungstate gives higher responsetowards NO 2 as shown in films are attributed to their low crystallization, a nanorod-like structure which has low charge transfer resistance and ion diffusion resistance. The proposed strategy gives one more way to improve the energy storing capacity of psuedocapacitor electrode. The Pd-WO 3 cauliflower is representing excellent supercapacitive property with higher gravimetric energy density of 10.6 Wh/kg at power density of 198 W/kg.
Moreover, the doping of Pd promises an excellent strategy for structural and surface defect engineering to enhance capacitance almost four times up to 41 F/g accompanied by improved cycling stability, 86.95% retention even after 1100 cycles almost ten times more than pristine WO 3 cabbage. Hence Pd-WO 3 cauliflower is highly suitable for practical supercapacitor applications.
Overall performance of nanocrystalline undoped and doped WO 3 as a supercapacitors as shown in Table 8 .2. From table 8.2. It was clear that the specific capacitance, energy density, power density, and cyclic stability is higher for Palladium 3 at.% doped nanocrystalline WO 3. Specific capacitance of Pd doped WO 3 gives 3 times higher than the pristine WO 3 .Also 86.95% capacitance retention was observed even after 1100 cycles always ten times more than the WO 3 and 3 at. % Ti doped WO 3 .
Conclusions
The important summary and conclusions of the present work are given in chapter eight. The results of the present studies clearly illustrate that WO 3 can be effectively tailored by Ti doped WO 3 for the selective detection of oxidizing gases under study. Dopants were found to play a dual role, as a sensitizer leading to the enhancement in the sensing performance, and as a sintering aid resulting in low temperature crystallization. Further, electronic interactions between metallic additives and WO 3 during the oxidation/reduction reactions occurring on the surface of the gas sensitive layer are crucial in determining the sensor response and selectivity. Moreover, the studies on tungsten oxide based gas sensors have shown that small particle size, a large surface to volume ratio and good crystallinity play a vital role in enhancing the gas sensing properties. Understanding of the sensing mechanism and their temperature dependant properties can help in fabricating WO 3 based gas sensing devices for commercial applications.
In the present scenario, energy is one of the most often indicated keywords in the Combining all the studies performed in the present thesis, it has been concluded that: 2) Later, undoped and doped tungsten oxide are synthesized using hydrothermal technique. The prepared undoped and doped tungsten oxide was found to be suitable electrode material for capacitors. The suitability of these WO 3 as electrode materials is attributed to their high specific surface areas which make them promising candidate. The structure, morphology and chemistry of were analyzed using BET, XRD, SEM and TGA/DTA, XPS, EDS.
3) Electrodes were fabricated with the chemically synthesized material by using the procedure outlined in the thesis. It was found that 3 at% Pd doped WO 3 could yield a mechanically stable electrode material which can be used in psuedocapacitor cells.
4) undoped and doped tungsten oxide were fabricated using drop casting technique synthesized by hydrothermal method undoped and doped tungsten oxide based electrodes 1M Na 2 SO 4 .
5) Performance characteristics of the entire electrode were characterized using electrochemical impedance spectroscopy, cyclic voltammetry and charge-discharge techniques.
6) All fabricated electrode shows good capacitive values along with acceptable energy and power density values in present studies. Out of that 3 at. % Pd doped WO 3 gives 3 times more specific capacitance 7) Combining all the above results, it has been concluded that all the biomass based activated undoped and doped tungsten oxidemainly (eucalyptus leaves, coconut shell and almond shell) used in the present doctoral work proves to be a low cost and environment friendly in nature for its application as an electrode materials in supercapacitor.
Future Scope of work:
Hydrothermally synthesized undoped and doped WO 3 which shows an outstanding combination of morphological and supercapacitor properties? The present project was the first step to formulate and investigate the Palladium doped tungsten oxide electrodes for its application in supercapacitor devices. It lays a foundation for many future works, some of which are enlisted below:
By changing deposition hydrothermal conditions with specific surface area and pore size density can be prepared. After that the performance characteristics of supercapacitor, such as; specific capacitance values, energy and power density can then be checked, which in turn helps in finding out the optimal surface area and pore size density of undoped and doped WO 3 that can be used as an electrode material for supercapacitors.
Temperature dependence behavior/stability of fabricated supercapacitors with undoped and doped tungsten oxide can gives an idea of possible ranges of temperature for the safe operation of device.
Undoped and doped tungsten oxide electrodes can be further studied using various electrolytes of different ionic size and concentrations.
Even if the tungsten oxide synthesized in the present studies are found to be chemically stable, but some capacity loss in early stage cycling was observed. As supercapacitors are famous for its robust cycling, it is worthwhile to study the possible failure mechanism in biomass based activated undoped and doped tungsten oxide electrodes.
Further, attempts should also be taken to use the synthesized activated carbon in asymmetric hybrid supercapacitors and low voltage battery configuration. For both the purpose, extensive care should be taken for proper optimization of electrodes.
Possibilities of the commercialization of supercapacitors need to be explored after proper encapsulation of the device.
